The important and common oxyurids which affect laboratory rodents-Syphacia spp., Aspiculuris tetraptera and Passafurus ambiguus-are discussed and reviewed. Their life histories, pathogenicity and immunity are examined, and mention is made of the influence of age, sex, strain and host status on infection. The importance of using worm-free animals in experimental work is stressed, and guidance is given on diagnosis and control.
Nematodes comprise the largest group of helminth parasites of endothermal laboratory animals (Flynn, 1973) . Important within this group are the pinworms, or oxyurids, which are intestinal nematodes belonging to the family Oxyuridae in the order Ascaridorida.
They are medium or small worms with 3 lips, no buccal capsule, and an oesophagus with a well-developed single bulb at its posterior end. The life history is simple and direct and the host is infected by ingesting embryonated eggs. Flynn (1973) records 23 different species of oxyurids affecting endothermal animals.
In this article only those parasitizing laboratory rodents will be discussed.
These include the cosmopolitan mouse pinworms, Syphacia obvelata and Aspiculuris tetraptera, the rat oxyurid Syphacia muris and the rabbit pinworm Passalurus ambiguus (Table I) . Host mouse (also rat, hamster) rat (also mouse) mouse (also rat) rabbit, hare Location caecum (also colon) caecum (also colon) colon (also caecum) caecum and colon SYPHACIA OBVELATA This is a small, white, cylindrical worm found in the caecum and colon of mice, rats and hamsters.
Oxyurid

Syphacia obvelata Syphacia muris Aspicufuris tetraptera Passafurus ambiguus
Its prevalence varies, but it is probable that most conventional mouse colonies are infected (Blair, Thompson & Vandenbelt, 1968; Flynn, 1973) . Life cycle. This has been studied by Philpot (1924) , Lawler (1939) , Prince (1950) , Chan (1951 Chan ( , 1952a , Brown, Chan & Ferrell (1954) and Sasa, Tanaka, Fukui & Takata (1962) . Gravid female worms migrate from the caecum to the anus and deposit their embryonated eggs on the skin. Eggs become infective within 5-20 h. The host becomes infected by ingesting eggs directly from the perianal region of an infected animal, or indirectly from contaminated materials in the environment, such as food and water.
Retrofection (migration of hatched larvae from anus to colon) may possibly occur (Prince, 1950; Chan, 1952b) . After ingestion the larvae hatch in about 2 h and migrate to the caecum.
The larvae moult about 30 h after infection and males reach sexual maturity in about 96 h. Female worms are fertilised as early as the 5th day, become gravid by the 9th, and migrate from the caecum to the anus from the 12th day. The prepatent period is 11-15 days.
SYPHACIA MURIS
This is the rat pinworm, which may be most easily differentiated from S. obvelata by size of the egg, positions of excretory pore and vulva of female, and in the mature male by the position of the excretory pore and mamelons and length of tail (Hussey, 1957) . It is present in most rat colonies (Hussey, 1957; Stahl, 1961a; Blair & Thompson, 1969) . S. obvelata is the usual Syphacia sp. of albino mice and S. muris is the usual Syphacia sp. of albino rats, but cross-infection can occur (Hussey, 1957) .
Life cycle. This is similar to S. obvelata and is completed within 8 days (Prince, 1950; Stahl, 1961a Stahl, , 1963 . S. muris exhibits its affinity to the human oxyurid Enterobius vermicularis by the periodicity of its egg production (Van der Gulden, 1967) . Mature females of S. muris migrate from the intestines at noontime, and more eggs are found on the perianal skin in the afternoon than during the rest of the 24 h period (Van der Gulden, 1967) . No periodicity of egg laying has been observed with S. obvelata (Chan, 1952b , cited by Van der Gulden, 1967 .
SYPHACIA MESOCRICETI
This species was originally described by Quentin (1971) from female worms collected in Alaska from laboratory-reared golden hamsters. An examination of further specimens, including males, found in hamsters reared in a commercial breeding establishment in Ontario, Canada, showed that S.
mesocriceti differs from other species of the genus (Dick, Quentin & Freeman, 1973) . Characteristic features are the shape of the cephalic extremities and the large operculate eggs.
ASPICULURIS TETRAPTERA
This nematode is similar in size to S. obvelata, but can be easily differentiated (Table 2) . It is a common oxyurid found in the caecum and colon of mice and, to a lesser extent, rats (Mathies, 1959a; Sasa et al., 1962; 965; Owen, ]972). Anya (J966b) and Behnke (1974) have reviewed earlier studies (Philpot, 1924; Hsu, 1951; Chan, 1955; Mya, 1955; Fisher, 1958; Anya, 1966a) on the life history. Adult female Aspiculuris worms move from the proximal to the lower part of the colon to lay their eggs. Thus, unlike Syphacia spp., which deposit their eggs on the perianal skin, eggs are excreted with the faeces. Egg laying is intermittent Or discontinuous (Phillipson, 1973; Neuser, 1974) . There is no definite diurnal rhythm of egg laying, but the egg output has been reported to be highest when faecal production is at its peak shortly before dawn (Phillipson, 1973) . The eggs voided in the faeces take about 6 days to reach infectivity and infection of the host is by ingestion of embryonated eggs. Possibly some mice become infected through retrofection as has been shown experimentally by Hsu (1951) . Following ingestion the eggs hatch in the intestine and caecum usually within 2 h. After moulting the 2nd-stage larvae migrate to the crypts of the colon. Behnke (1974) , who recently studied the distribution of larvae in 10 equally divided sections of the colon, found the larvae mainly in sections 5, 6 and 7 during the first 6 days of infection. The larvae enter the crypts of LieberkUhn in this region on day I and remain there until day 4 or 5. After this time they leave the crypts and return to the lumen of the colon.
On day 7 the worms move anteriorly, thus confirming Chan's earlier report (1955) of an upward migration of immatures, and thereafter are found only in the proximal region of the colon (sections 1-4), although in heavy infections a few larvae remain in the mid-colon region.
It is believed that the larvae moult again in the crypts before the 3rd-stage larvae return to the lumen of the colon where they mature into adults (Anya, 1966b) . Males mature by about the 20th day and females by the 23rd day (Anya, 1966h) . The prepatent period is about 23 days.
PASSALURUS AMBIGUUS
This is a fairly common oxyurid found in the caecum and colon of wild and laboratory rabbits (Owen, 1972) . It also occurs in hares. A seasonal variation in the rate and size of infections of wild rabbits corresponding in the main with the breeding season has been noted (Evans, 1940) .
Life cycle. The life history has been studied by Boecker (1953) . Eggs which pass out in the faeces are embryonated and immediately infective. Eggs hatch in the small intestine and the larvae moult and reach maturity in the caecum (Owen, 1972) . According to Boecker (1953) the 3rd-and 4th- stage larvae penetrate into the crypts and mucosa of the appendix and other sections of the large intestine, and can settle there as well as settling in the intestinal lumen. In 2 cases he found the prepatent period to be 56 and 64 days. Some similarities and differences in the biology of rodent pinworms are summarized in Table 3 . PATHOGENICITY AND CLINICAL SIGNS Although pinworm parasites of laboratory rodents are generally considered to be relatively nonpathogenic, and infections are generally regarded as being symptomless (there being no specific lesions or clinical entity), there have been reports in mice of a variety of conditions such as rectal prolapse, intestinal impaction and intussusception, and mucoid enteritis, which are thought to be associated with heavy worm burdens (Fratta & Sianetz, 1958; Habermann & Williams, 1958; Hoag, 1961; Tuffery & Innes, 1963; Hoag & Meier, 1966; Harwell & Boyd, 1968; Jacobson & Reed, 1974) . General thriftiness of young mice may be prejudiced by heavy infections of oxyurids, and there may be some growth variation between infected and uninfected animals (Hoag & Meier, 1966; Eaton, 1972) . Indeed Eaton reported an inverse relationship between bodyweight and degree of parasite infection in newly weaned mice. Other signs, such as loss of condition and poor hair growth, are not clear cut (Hoag & Meier, 1966) . Nevertheless, it is generally agreed that infected animals are not suitable for critical work as factors such as nutritional and blood values may not be normal, and the helminth infection may influence experimental results (Habermann & Williams, 1958; Griffiths, 1971 ). An antagonism or interaction between different worms may also occur. For instance, mice carrying natural infections of mouse oxyurids exhibit a low susceptibility to infection with Trichuris muris (Keeling, 1961) . An increase in susceptibility to this worm follows their removal.
When Aspiculuris is superimposed on an established Trichuris infection the Aspiculuris burden is significantly reduced.
Likewise, Trichinella spiralis and Syphacia obvelata infections both result in an increase in the resistance of mice to Aspiculuris, although a prior infection with Hymenolepis nana has no observable effect on susceptibility to this worm (Stahl, 1966b) . Furthermore, work in other host-parasite relationships indicates that parasitic nematodes may transmit, provoke and enhance bacterial and viral diseases, suppress or enhance tumour growth, and potentiate or depress humoral reponses to heterologous antigens. Even in nematode infections which are confined to the gastrointestinal tract, e.g. Nematospiroides dubius, significantly higher antibody titres to influenza A2 virus are found in unparasitised controls than in infected mice (Chowaniec, Wescott & Congdon, 1972) . As the authors point out, the influence of para-sitism on the efficiency of vaccination in man and domestic animals particularly with live virus vaccines requires further elucidation. Mya's work (1955) on the life history of Aspiculuris cast doubt on the belief that there is neither a tissue nor a migratory phase for this worm (Mathies, 1962) . A histological examination of infected mouse colon by Mya (1955 , cited by Stahl, 1966a revealed larvae deep within the intestinal glands, and some evidence of tissue penetration was obtained.
Further evidence for larval penetration of the mucosa was given by Mullink (1970) , who found immature parasites between the colonic epithelium and the basement membrane, or in the propria mucosa of the colon of mice naturally infected with oxyurids, although definite identification of the parasite was not possible. Fisher (1958) observed an intra-crypt phase for Aspiculuris, and Anya (1966b) reported larvae lying free in the crypts of the colon, but no tissue reaction or penetration was observed.
Similarly, Behnke (1974) depicted Aspiculuris larvae lying deep in the lumina of the crypts of Lieberki.ihn.
A larva was shown in direct contact with the lamina propria after penetrating below the surface layer of the epithelium, but Behnke found no substantial damage and larvae were .not seen completely in the lamina propria.
Evidence of superficial damage to host tissues was presented as manifest by the compressed epithelial cells adjacent to larvae, and perhaps local distortion of cell function, such as lowered mucus output by goblet cells.
As far as the writer is aware no intestinal histotrophic phase has been described for Syphacia.
There has been one report of the recovery of immature S. obvelata from the brain of a hamster (de Roever-Bonnet & Rijpstra, 1961), and another of the finding of pinworms in mesenteric lymph nodes of mice (King & Cosgrove, 1963) . Passalurus ambiguus infections of rabbits are not generally thought to be pathogenic (Habermann & Williams, 1958; Owen, 1972; Flynn, 1973) , although a fatal massive infection in young rabbits has been recorded (Owen, 1972) , and Holmes, in a personal communication to Ostler, reported that he found very large numbers of P. ambiguus worms in rabbits where scouring was a problem (Ostler, 1961) . According to Morgan & Hawkins (1949) , rabbits may harbour as many as 3000 adult worms without showing clinical signs. A tissue phase in the life cycle has been described by Boecker (1953) , who showed a 4th-stage larva penetrating the mucous membrane of the colon up to the muscularis mucosae.
Few studies have been carried out on the life history of Passalurus in rabbits and more work is obviously needed to confirm and extend Boecker's findings.
INFLUENCE OF AGE, SEX, STRAIN AND HOST STATUS
The prevalence of pinworms may be a function of age, sex, strain and host status.
The positive rate of S. obvelata infection in mice decreases with increasing age, whereas Aspiculuris is uncommon in young mice but increases in incidence with age (Sa sa, et al., 1962; Flynn, Simkins, Fritz & Brennan, 1966; Panter, 1969; Eaton, 1972) . Experimentally infected mice exhibit an age-related decreasing susceptibility to Aspiculuris infection up to the 10th week of age. After the 10th week an apparent equilibrium is reached, and no further variations in age susceptibility occurs (Stahl, 196Ib) .
Male mice of the same age tend to be infected more often with pinworms and to be more heavily parasitized than females (Roman, 1951, cited by Mathies, ] 959b; Mathies, 1954 Mathies, , 1959a Stahl, 1961b; Eaton, 1972) . Male hamsters also harbour more Syphacia and are infected more often than females of the same age (L. F. Taffs & A. Sebesteny, unpublished observations).
Certain inbred strains of mice have been shown to have a higher prevalence of infection than other strains (Chan & Kopilof, 1958; King & Cosgrove, 1963; Eaton, 1972) :
King & Cosgrove and Eaton suggested that there may be a genetic basis for resistance to infection by oxyurids.
Bacteria have been isolated from the environment and from homogenates of Syphacia and Aspiculuris (Dunning & Wright, 1970) . Flora isolated from both pinworms consisted of fewer species of bacteria than did the flora isolated from their respective environments.
2 species of bacteria were isolated from A. tetraptera while 5 were isolated from S. obvelata. The absence of suitable flora necessary for the worms' survival and development may explain why Przyjalkowski (1972) failed to infect germ-free mice with Aspiculuris.
IMMUNITY
Mice develop an age resistance to S. obve/ata infection between the 4th and 9th weeks of age, but no specific resistance or immunity (Panter, 1969) . Panter failed to demonstrate antibodies in the serum of Syphacia-infected mice, and attributed the absence of immunity to lack of contact between parasite and tissues of the host as demonstrated by the use of radioactive phosphorus.
In S. muris infections in rats Roman (1969) found that after a single or more successive infections some rats became completely refractory, while others, after a period of resistance, again became susceptible. Stahl (1966a, b) noted an age-related resistance to superinfection with Aspiculuris.
Although this was correlated with the time between infections, it was thought to be due to increased mucus secretion associated with normal physiological ageing rather than to a specific immunological response, as no anti-pinworm antibodies were detected. More recent work (Jacobson & Reed, 1974) in congenitally athymic (nude) mice, however, indicates that resistance to both Aspiculuris and Syphacia may be more a result of thymusdependent humoral or cell-mediated immune responses than previously recognized. Jacobson & Reed showed that there was a positive relationship between age resistance to infection and thymic activity.
Immunodeficient nude mice became more heavily infected with naturally acquired pinworms with increasing age, whereas the intensity of infection for their phenotypically normal thymus-bearing litter mates did not change significantly.
Their work indicates that thymic activity is essential for maintenance of the equilibrium that usually exists between mice and pinworms. DIAGNOSIS This is based on the demonstration of worms in the caecum and colon, or the finding and identification of the characteristic eggs in the faeces using sedimentation, flotation or direct smear methods (see Habermann & Williams, 1958; Sasa et al., 1962; Tuffery & Innes, 1963; Oldham, 1967; Owen, 1972; Flynn, 1973) . To detect Syphacia infections the perianal region should be examined by means of cellophane tape. Mixed infections with A. tetraptera and S. obvelata are common.
Aspiculuris is mainly found in the colon while Syphacia is mostly found in the caecum.
S. obvelata can easily be differentiated from A. tetraptera by size and shape of egg, size of cervical alae, shape of oesophageal bulb, position of vulva in the female, and the presence or absence of a spicule in the male ( CONTROL This is based on the use of adequate hygienic measures to remove parasitic eggs from the environment, and the introduction of an effective regime of chemotherapy.
Pinworm eggs have been found on equipment, in dust and in ventilation air-intake ducts (Hoag, 1961) so that thorough cleaning and sterilization of cages and rooms are necessary.
Aspiculuris eggs are susceptible to heat but highly resistant to cold, dessication and disinfectants (Oldham, ] 967). Peracetic acid (2 %), widely used as a bactericide and virucide in work with germ-free animals, does not kill more than a small percentage of worm eggs (Van der Gulden & Van Erp, 1972) .
Control of Syphacia and Passalurus is difficult since in the former crossinfection may easily occur after deposition of the eggs on the perianal skin, and in the latter the eggs are immediately infective when laid. Freedom from pinworm infection is more likely to be achieved by setting up caesarian-derived rodent colonies, although the prevention of the introduction of worm eggs may be difficult.
Of interest is the finding that pinworms and Hymenolepis nana infections can be removed from mice by feeding semisynthetic low-residue diets or powdered skim milk (DeWitt & Weinstein, 1964) . The loss of infection is due, at least in part, to the lack of residue which is present as crude fibre in natural diets.
For efficient control, routine hygienic measures should be backed by a programme of effective drug therapy.
The quest for a non-toxic drug to remove the human pinworm E. vermicu/aris provided much of the initial impetus for testing chemical compounds against rodent pinworms. A good account of the reported effectiveness of a variety of different drugs is given by Wagner (1970) . Earlier work demonstrated the anthelmintic effect of gentian violet, crystal violet, sodium fluoride, hexylresorcinol, carbon tetrachloride, tetrachlorethylene, egressin and phenothiazine (Reinertson & Thompson, 1951; Thompson & Reinertson, 1952; Hsieh, 1952; Standen, 1953; Habermann & Williams, 1956 , 1958 Fanelli, Willey & Lynch, 1957; Fratta & Slanetz, 1958; Berenguer Puvia and Gallego Berenguer, 1973) . The antibiotics terramycin, aureomycin, bacitracin and 'Stylomycin' (puromycin) have also been shown to be effective in reducing worm burdens (Wells, 1951a (Wells, , b, 1952 Chan, 1952a, c; Gumble, Hewitt, Taylor & Wallace, 1956; Habermann & Williams, 1956 , 1957 Fratta & Slanetz, 1958) . In earlier work with anthelmintics Aspicu/uris was found to be more resistant to several drugs e.g. tetrachlorethylene, phenothiazine and bacitracin, than Syphacia (Brown, Chan & Ferrell, 1954) .
The foregoing have generally been superseded by the piperazine compounds which, although less effective against immature oxyurids, are now widely used and recommended (Standen, 1953; Brown, Chan & Hussey, 1954; , 1963 Fratta & Slanetz, 1958; Lynch & Hoegl, 1959; Burrows & Hunt, 1960; Hoag, 1961; Cavier, 1961; Harwell & Boyd, 1968; Berenguer Puvia & Gallego Berenguer, 1973) . The recommended dose rates of 3 piperazine compounds and other drugs more recently reported to be effective against rodent pinworms are shown in Table 4 . After treatment animals should be moved to a clean area to prevent reinfection. 
Drug and dose
Piperazine citrate or hexahydrate, 3 g/I water Piperazine adipate, 100 mg/ 25 ml molasses water Trichlorfon, .1'75g/I water, .Ig sucrose to mask taste Pyrvinium pamoate, 0,8 mg/I water or 1,6 mg/kg food Dichlorvos, 0'5 mg/g food Haloxon, 300 mg/kg Thiabendazole, 100-400 mg/kg Thiabendazole, 0,3 % in food Stilbazium iodide, 0'1 mg/g food Administration in water for 14 days, alternate weeks in water for 2 3-day periods 1 month apart in water for .14days in food or water for 30 days in food for 1 day orally orally in food for 7-14 days in food for 2 days Reference Haag, 1961 Habermann & Williams, .1963 Simmons, Williams & Wright, 1965 Blair, Thompson & Vandenbelt, 1968 Wagner, 1970 Owen, .1972 Barth, .1974 (against Passalurus) Taffs, 1975 Hunt & Burrows, 1963 
